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INTROBYCTION

Considerable data about tropical ¢cyclones in the Western
North Pacific has beén éollected by the Air Weather Service
sinée X945 and the advent of the Typﬁoon Post. Analys;s Program
This material has been publlshed in previcug AWS Technical Reporns 9
Slmllargy the administrative and oneratlonal aspocts of the Typhoon
Warning Netwérk and the reconnaissance units have been deéscribed
previously and need not bé réepeated hers,

Relatively 1ittle mention is made in uhlq réport to steerlng
as a means of forécasting the meVement of typhoerig: This subject
has been treated at considerable lemgth in reports on the 1948
and 1949 segsons. Charts are included on pagés 2 through Fof
this report, howeVeér, te show how the storms of 1950 fit the
patterns. Attention 18 alsoc called to twd 1nterest1ng articles in
the Bulletln-of the Awierican Mcueorclqglcal Societys These
artieles on. the movement of typhoons grew out of résearch on the
1950 storms. 4+5> Dr, Cressman's article discusses the tiyphoois
UDorist whlch developed as. two cycloni¢ vortices, which .gradually
merged inbe one, in agreement with a prlnc1p1e of Fquwhara.
Capt. Horn!s artlcle dlscusses & theory of oscilYating moéveménts

_of a typhogn along a broad cupving path; in agreement with com-
IjDutdthP of Ieh fov Car1bbean s+orma.: - -

Dt — e ey oy iy — e —— = T— e A

1: AWS TR ;OS«AZ deport on post analysis of typhoons in the
. Western Nozth: Pa01f10 1947," July 1949. :
24 AWS TR 105-,3, "Report on the Typhoon Post-Analy31s Program
£1948-1949) of the Worth Pa@lfl(‘iyphAOP r&fﬁ;ug‘SGPV‘”“ n

Auvust 1951, D A
- 3. AWS TR 105m77 "For°cast:ng the typhooins of 1949 w1th spen 1

reférence te *he use of streamline analv31s," August 1951. )
1,.. Cressman, Gédrge Pey "The development ahd motion of typhoon

“Doyis'' Bulls Am, Met. Sog., Vol. 32 Ne. 9, Nows 51;

pp. 326=333. -
5 Fe-u, John D,, "On ipregular movements of tropical cyclones

in the Pacific," Bull, Am, Met, Soc., Vol. 32, No. 9, _

Nov, 515 PPs 34h—34,. -

'12’2

e

Ry,

|

(y,\ Dot A S aw'xw”% £



" W S

Y

B 2

3 z . i
H X J

% Sy f
Voo, O 1%
Vo
i i 3

) s

° s
”
o -/E
:"' R
-y I

s,

G

o -y
\'s“- t\.i‘ ;

T t A . - N AP A r— . i B t
~ UPPER AIR STEERING R | 1. 27

L . CASEL . 5 o
T

1% -
. .
& v
o L35
| P
¢ e
p— ?
I
T
E'.
S— K e
it
>3
f]
»
'
M =
i
a2 -
r 5
p 5
- Q
h #
: L
b

Lo i = W P "i:'i‘:.““L"'J‘!!:-WA‘-'AnD\n-- W me——— N W, T A - LR CAerukiie, Ta WAL . RS

TS T e B s e e LS, T ¢ P 3T




M sl

Ay B e R 1 o

- e
S i
e N
&=

UPF‘ER AR STEERING = 1
casEm.
SLIGHT RECURVATIRE
_ ‘ | 2?
EXAMPLES: | -

pean -

gm0
[l
i

KITTY X

RENA )
ELAINE

O’ﬁta.ﬂm

Sz o

(AT,
o
1
1

A
B o %
ke s
Ef v .
¢ o
ig =

4 ~
W .

TEED 2 NN, MG TR TR s ST, T PN L il T T €,

T AT

{5 sy

S Sl T T oo TS i IR o AR S s o S ARERN S a1t S HR

Aty



e a— s . T -
e B S G P VU M U0 o SN A S SO Rl T s . - -

UPPER AIR STEERING
NON-RECURVATURE

CEXAMPLES:
BETTY
NELLY

}
b
%
: N g
' gl
R e
f ¢ [E3
i W3
. :
1 ~
»
I
I L=z
s
. -
|
[
i [}
1 .
o .
e = b
RS
I
|
!
i [>
1
- ;
\
T -':"-;‘;
S 1t

'

e SO VTSI B T o 3100, AN P s M oI A B T TP i DN T P+ Y i 7T e i SRR IS s T R AT G 2B Doy T B e S 2N VO b "l T et A O RN T B oy



R VRN RN, S AW P

L R AR A AW SRS ST ¢ N T M Y RE X

UPPER AIR STEERING
CASE IX.

INVERSE RECURVATURE

EXAMPLES!
GLORIA
- JUDETH

%

"

T T KA B SRR S s T v o

TR o e

=y 1Y
.‘:g
i
E
I
et
; . -
© -
¥
' L
T
1§ L
H -
i - ..
1
k1
|
i
: 3
]
4

—ie

)

't

1
i
P e et R L T

e s -
i

}

AT S 15l 22 AT
LI . '

<,
X
H
A
e
=
=

et

- s

«

TE

B3

BN

. A
3 s

B

Lol 3

PR P

ST e Y. 7, Y SRR e T e

v L TEIPNIRL L v en s



'u
P

G
i
TR Y S sV T R DR

NP
o

UPPER AIR STEERING
BASE T,
FAST MOVING TROUGH

tLOOP)

R ARBIIL PO e T % B

TR J R S 5 pp——



o
_ : -
I'} - o T = <
| S
[ ) N o — - wlfa. ? :
i .
B :
]
1
:
‘ 3
|5
L. . R
K S
3o %
2] 5

2‘- B . ;
|~
ks -
=5 —
‘ o t
B
i .
[
| .
|-
‘J =
i - ER
r g:r = .
N e
o R
=
- > 1
- 2 A

~3 STORM FOLLOWING ANGTHER STORM




. Microseisms are more or Yess regular elastic surface waves which arg :
X reoorded contlnuously by sénsitive seismographs. These waves aré caused 1
artly as a result of meteorological phenomenon and partly due to traffic,
dustry etc. " The typhoon forécaster is mainly itterested if microselsms

whlch orlglnate at or near the center of a typhoon, TFortunately this type

of microseism is usually easily distinguislied by thé appearancée from those
from ot her sourceg, i

,.u\le

As. early as Y909 #t was discovered. that the ampitude of mitroselsms . f
increaséd with the approach of a sborm. Seismdlogists and metedrologists.

-”Q_ from dl”aerenf parts of the world made various attempts to use this ifA- :
S L formatidn but It was not until 194 that Capt Hs 0rv1l}e, U. S. N., :
- started the first poubine use of microseisms in deteﬁtlng ahd: lodating.

. hurricanes in the Caribbean, In 1946 the project was extended to the
- Pacific. Both "Tripartite" and "Single" station were used. From theA

. trlpartlte station bobh the amplltude of microseisms. and B &rlnz of the

( gource is obtained. Threé seismographs are placed in positisn he. L
i

!

corners of & triangle with sides not exceedlng a few mles, BY notlnp
the difference in the time of arrival of & disbinct wave at the thre
. instruments the hearlng can be conputed.

i There is lLittle doubt that the amplitude of mic¢roseisiis. decr
; exoonentlally with depth although this Has not been determined by
. measurements. This decreasé depends on the witve length and a C’ﬁ
- dependlng on the structure below the observatisén p01ﬂt. Theoreti "'y
most of thé energy is transmitted in .a layer of thickness equal to the
. wave 1eng+h. The spééd of the waves IS usaa;¢gf2 to % km/Secs nd the
"o periocd s equal t6 3 to 7(seoonas, so the wave length is 10 to 20 1
Tbcrefore . for most microseigsmic waves a large percentage of theé onergy
L is transmltted in ‘the upper 20 km of the garth's crust. It has baen
; faund that waves are prOpagated for great distances through'geologlcally
{ undi sturbed areas. Microseisms. from the coadt &f Norway are propagated
I . +o. central Asia bub dedrease fo the south as they cross $hHE & 5¢icglcallv
B younger areas o6f Central hurope and the still younger Alplde elt. If ¥hs
- ) dlscontlnuitles are deep (50 km or more\ the microseisiis may not be tTdnsS-
~ mitted .at aik
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In the Caribbean area the amplitude of microseishs de¢reases rapidly
from island to 1sland The max1mum:amp¢1tuae doés not occur similtaneously

1. Much of thé material in this §eCfth was obtained from an artlcle

Microgselsns ahd Weather Forecastlng" by B. Gutenburg published in the .
: ' " Jourhal of Meteorokogy; Vol. 4, Now 1L, February 1947. Guténbiirg presefnits - =
the history of the development. of the use 6f microseisms in vracklng and:

getecting low.pressu re areas up to that sime, compléte with a lisst of {
reférences. o o T
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"to Arrive at any definite <Gonclusions; hoWurc,r,

Soul‘ """.3 .e.J.CFCSu.:.uout S urehﬁ'npl stoml bhlS
'i’al'ie-'arc;f TS

; L o . _ ’
G
ulons at. tho tm«. of m«'\mmm mtcnsa_ty of th. storm but is mero
1 1 . ~»t_h:c- samc .
%t nzgor mu.u,a arc conc.x,fnc,d aTthough *css is

knom of" th\, gecu.oglc“" struetire and

#ts effect on ‘the t¥onsmission of

-microseisms. Thére arc several trenchus or "deeps! in the North Pacific

arca vhich are indies ‘blVb of cxtendive faalt:mg. The nyu..'yug Mindinno
and Marianas J.I’(,rlCh ¢ appioxima toly 7 km; 30,5 ki and 19 km in

respecbivelys  The uboth of the faults would of course be in exces§ o-
depth of these trenches, Thore are good indications skhat these i‘uu]:'t.;

hove an imporvant offedt om bea¥ings and amplitiudes nécorded at the diffierent
ve not becn compided

akerosyism. stations in thie Padific. Sufflclwt c‘g.ta he

Cen, 3 '”CJ. that
- soonn as & typhoot

the dmplitude of mlcrosa,lsns decricasSes. Yapidly o

Jey

erosscs te the northwest of the Rjukyus Tricnch Vi Lhougfri the vohoon itsclf

did not change in m‘tongl,ty,. It has lso bcun obs\,rvod that the be s;f :}ilf:s
become trrotic as o typhoon meves oo* 5 de

nation of this is that the energy is
the fault linc instead of directly

Most cuthors arg in 2 agienen t 28 to the tyoes of vaves. vihich are scb
ups, Tt is gcnwally belived that ishs are & or*bm tluﬂ. of Rayleigh
and Love 6F "shear! Waves. In RDJ.LC sh Woeves the o cles move in elipses

with the Tohg axis vertical and the short axds ia the

v

gation of the wave, ¥With Tove waves tho perpticles g
sarth's surface and mrpcndbculo.; to the divreétadny of pix
ments indiedte that B ayleigh %aves predosinate, Joapakisc

‘have measyred. bhe VbI‘LlCCI.I compouc,nts of mlcrosc,lsm_c v otres "

the presciice of Rayleigh weves. In an experiment a '“-ucmtanmw 5 ‘Cubas

an Instrument was oricnted nopth-south and another enstsWest.. Et .was .foun
that with bedrn.nss froi an eastewest direstion the cast-west amplitude was
greatest and for north=5suth boarings the north= south amlitude was greatu:

It J.S there,lorc,_, (moort'\nt tnc-t g._i 1nstmncnts ih a tripartite station

d.r Llon Qf propas:
() lle,l to the

3

mologists

fusion 1n mcgrnrg,t tho resoras,

It is fairly well establishod that the encrgy of the microseisms
or:.g:.rmte@ froni tho. cm,r gy of thc stom and probab"** from thre high waves
in the area of strodgest winds. The a.mplltuab ysually decreases Topidly
when a tiyphoon is over shallow water and miy dic vt entirely over lands
In shailow water the height oF vaves is L:um.tcd dircehl. 7 By thu depth.

Storms. u'suull,,r decredse ovel land but Act as snc.rpl" .8 Lbe #i:éroscisms,

(:utenourg prcva_oule beligrved thot. surf bBredking on the bwch W =8 thc ohly
I

ek st with vhce paesonce of o
microseisins héve bgea recokded in the abserice of su:. i

e

ione ' Txocia=

vhich indiedbe

the same Bype of wavces m.ll he reesriud
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However, in the development of this thc,ory, q.ncompre°31b1 l:l,ty ‘of ‘ghe

fluid is assumed. Tt has been shown that in adgitioen to kudrodym.m.c

waves, cornprc,ssmncd 0F elastic waves with ampln.tudc docrcasz:‘g only - .

slowly with depth are set up which may be the caisc of mlcroseismns. g
Future: measurcmeénts at &iffurent depths arc Acdcssary to. debcrmine this.

L good network of stations is desirable in ordcer to get cross-bearings.
- 4t the prescit time triportibe stetions ave in oporabion: \g.t ‘Guain,; . Manila

< - and Koror. 4 .t_:g‘:‘;_i«parti't»- station i& being construdted &t Truk Iskand and.
. DS is cxpected to be im gperation yarl;yr in the 195% Sudsdn. Thc sbaticz of

Manila is bcmg opcn.tyc. by the Philipspine | Zovernmuht and the ok hcr/ stations

by the U. S Navg. . Puring the 1950 thhOO"l scason only the Guaim and Monila ‘

stations wery i operation, OnlJ on a few ocdesions when o stoim wos

located north of & line between Guem and Kanila wids it possible Lo -obtain '

¢réss beorings. 4 Iplitudc riscs havce beca found & be much mo¥e rcliablc

than the bearings. GCarc dust be cxerciscd in interproebing chinge in

anpIitudc, sifice storm MOy CPoss over faudt lincs or over eniliow wetor '

with he dgersasc of intensity while the aimplitude of mieroscisms may } o

Jql o Bearin s havie boen founid to be sémewhat les§ roliables, . .

| Iy pon_nt sourés for aicroseisms is assumed vith woves radiating from this b, :
o, point ih &ongentric circles. In computing &iwc bearings it is asswicd

‘. . that the wave crests arc straight. The oridr 1r'uroducc"_ by the '$1ight

) xcurvz\turc of the crests is nogligible. HoWivor, dlscom 3%

| _

¢ Ginuitics op faults !
I the enrth¥s crust mhy affuet the shape of 4 wave crests v us to ik
[ troduce ¢onsiderdblc crror in the beAring obtaincds Some crror |y be
GO N . ~ introduced by the mcthod of computation of bearings, howuver, siacc a
. 1:1rg\. mmber of bearings arg compited and aviraged, onlJ Systumatic
,dc,v1<.’910n should rumnin. Probebly the most important source of error
lies in the assumption thdt tho microsciisms woves emanate from = point

- _SO_uI'CL which coingides with the centel of the typhoon. It scums nvob ble

that if the eRETEY is derlved from the hlg,h wves i the n;rpnoon, it %
I¥kely what the source of microseisms would be the zegion of strengesi
winds and may not be confined to a small arec..‘The &pparently random
varkation in bearing angle of five to ten degrees or aore; from oné six~

hourly obServation to the .hext; which is frequently obsorved maJ be a ey
redult of this fact. ot
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—— - .

[

-

At the present time M. H. Gidmore is reported e be WO.':k.l ;o 2 new.
approach to the subject vhich eliminctes all but the last sour(‘n' of érror
discussed above, In short; the propésed method utilizes non-~dimensional
X ratios of amolJ.tude, and bearings are not requirsds Usuqb the post~analysis
) ] positiens ond corresponding microseigm omplitudes duting past storms, charts

oi‘ the mtlo oi tbe us.pla:’t;uaes ‘.{, anJ two St«.i,lO"lS cf n be spotted forell a
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.,d;a‘@lons one ceuld oo*ba:tn aiis c‘zams of amplltude *catlov for example 5

Guam-Koror, Guam-Tiuk, Guam=Manila ,Korepr-Truk, ..oror-Man:Lla. aind Truk-
Manila. By plotting the observed ratlo of .amplitude at two stations
during the time a typhoon i8 in progress on the approprlate ratio é¢hart
it is Poss fe to get a life of p031t10n foi the storm; By répeating
this procéss for t_wo other comblnatlons I 'stations -oné can gbbain from

the intersection of these thrse lines of ’.Z)OSltlJl.,-. either a péitt or d
small triaugle for the location of the storm. The intensity of thé stobm

is not a facter, sihce it is the ratio of two amplitudés and nst the

actual valués tﬁemﬁe';vééa,. which is used. Slnce several years of data. ¥

-arcd -a;t this ltj:rhe‘

Ficroséisi bearings obtained during Typhoon DORES weré probably the
most accurate obtained on any storm during the 1950 season. Ty"phddﬁ
DORIS was the first storm of Lhe season and }%SSed a short distance to l
the southwest of Guam. 4 plot of the bearlnss from Guan ol may }‘e found o |
én page 13. The ampﬂ::t-’cﬂ‘de ag recorded at both Guam -and ka? i
Off page %4 DORIS caused a maximum rise in amplitude at C}_am for the =
season, primax rily beeause of its proximity to Guam, but also becauss of
its intensity. No 'beav"lngSi were obtaingd from Manila. so it was impossible
to det a4 "fix" from microséism data alone. Plots of bearings ond aMp-
litudes for KEZIA, J.,UCRETUA MESSATHA, 0SSTA, BILLIE and CLARA afe re- _ !
produced on pages ;i to 22; These storms offer thé vest 11lustratioéns
of the wvalue of microséisms duri ing the 1950 seasomws €lose examination
of the plot of bearlngs on the pdst=analysis tracks shows that there abre -
several bearings which pass througn or near the post-analysis position i
for the corresponding time; however s s&ldom i &ver do the oeamngs from
 &nd Guam dnbersecl tn give a position which i:s even close to the
correct logation. The main Iimitation which must bé placéd on thée béarings
obtained ak pres sént. &5 in knRowing when they are égccr...r_:a'?qe\. Only r,hrough L
pu:su-a.ua..l.‘yo.x.o “an this bc “deverinkisds, cc e

ainplitudé for the stovms Iisted above that the sharp

in amplltud'e ; ' g

¢oinéides remarkably with the incredse in intensity of‘ the storm, In
addltlon to. 'c,hose storms 1ncluded 1n th:o.s dlscusuon, most of the 'o’tﬁ'ei*

\of microseisms. recorded at Guam or Maralls. ar both ' even though the becu-

ings were often ifiaccurate or erratic, no significant increase was recorded
at either ’Guam or ‘Manila during ELSIE, ID&, JANE or PETIE, ELSIE deve‘lfgped
to storm inténsity near Okinawa whlch wasg apparent,ly to6, far north to

1n1 Tuerice ‘the’ recordlng statiornis, This was also true of JANE and PETES. . -
IDA formed at about 22.5 .degrées north but the maximum winds weré neveb

in excess of 50 knots: --
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& Yo mainbain ¢ Tunning graph of i '5;@ tude agé inst time for 41k of the oy,
Peporting stations. The ben althoush léss relis ublc, gon e of w
3 vzlue if properly int efpreted g-ad if thelf limite tJ,Qgs‘ arc renlized. B
The closer network 6f reporting stationswhich will e operating duria’ '
the 1951 seasen should n~id moterynily in thé initizl detection of tp,
¢yclones aand may offer the pessivility of increnséd ut.Ll otiom of i .. -
section of beniiags in lOC'd.tli’i:" these storms,
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ot CLIMATOLOGY

[: From thé vast -Guantities of data compiled, in the Paclflc, during
and since the World Wapr Ii has evolved & tool wery wséful to the typhoon
- forecaster-=ullmatology. @f -tourse, there is cllmatoIoglcal information
- dating back much fafther than this permod, bit efforts at compilation
were hampéred by poor commiunications, slow transportation etc,, until
this tinme, Upper-alr data, especially, have bécomé more available due
to the above reasons afd development of new instruments and procedures.
‘The problem now seems not to be $6 much a shortage of data, as a shortage
o of studies of thé data. Some studies have been compiled recently and made
available to the typhoon ferecaster, héwever much more could be dons, with
the data already -compiled, if the man—hours were available., Some of these
will be di scussed later in this section.

~id ot L

There appears to be tmo diamet?icaily opposed atbitudes toward clif~

atology among the typhooh forecasters today. One school regards it as
uséless and maintains that eachAbropucalwcy01one ig an individusl problem
and that attempts to gain any informatioén from actions of cyclones in
the past are doomed to complete ;allure. On the other side of the
s0logy is. the sure-fiire curé=all
for phe prgblems yonxront1ng the forecaste? and that he need only to
refer té'histéry te come up with a perfect foreeast. 4As in most cofi-

de Iies betiween the twe outlined

,aecwc. Cllmatology, when used in_ conjunctlon with gthér @methods is am
invaluable additicnal toel o the forecasters kit. KA glance at the tracks

of thel9h¢»and 1950 troplcgl cyclones on pages 60 and 62 of *h;s peport
S should indicate to the most ardent usér of c¢1matology that it is not
= the final &nswer, however its importancé can not be defied, AYY fore-
casts should be modified initially with climatology, then with other
| : factors; Gssuming that the basic. forecast can be based upon extrapolatioﬁ,
o This is @specislly imporbant when the first forecast of movement is made

and when the cycloné breaxs away from some associsted phenomenon, such
/ as an easterly wav95 and starts an independeént movement.
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The primary, current clln,tOTOg;cal study avallaole, in quick
reference form, t6 the Fforecaster is the set of mean tracks, speeasy and
areas of intensification and dissipation, which was prepared- by the
Typhoor: Post-Analysis Board of the: Andersen Weather Central. Copies of
thesé tracks with the track of the 1950 tropical cytlones superimposed
on them are shown on pagés gg thrdugh ?8\

, Wheri a tropical cyclohe is fipst. located, the chart. (from the mean

' tracks) for that particula¥ périod can be Aéhsulted for :average speéd
and direction of mOVement, the probabilitiés for future movement and
intensification, and percentages of deviation from the mean: These charts
becéme more valuable as. the forecaster gains some experience by noting
the behavior of a few .éyclones and comparlng their behavior with that
indicated by the charts; however it is believed that théir value could be
consld@rably inecreased if a series of surfaée and upper=3ir were prepared,
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corresponding té the postions of cach of the stofms from which the average
trQCKS»w@re.made, titen average surface and vpper <ir charts prepared drest
this collee: 1 is, 'syneptic climutology would be more accurate
than stats -1ca1 clunltglggm, The results would probably be more accurate
if the charts «nu tracks: of each cyclonc could be consulted, but thet
method would be too cumbersémé for use bJ the foreecad¥er unlcss a guiél=-
refererice index coukd be madc. The prcparwtlon of such 2 study as o
above would be a large nroyect cuite béyond the capabilitics of 2 s
erganlzatlon.

Lnother phese of climatelogy with which the typhoon fiorecaster must
be familiar is the climatology of the area for whiéh he is rbapon31blc.

The initial indications of tropical éyckones arc often signkficant falls
in pressure, incrcase in wind velocity, and changze of divettion of windss
therefore the forecastel must know vhat the nordal situotion 15 for his

area for all times. Thure ore scveral good studics of this type availables

When using the mean trock om: must kear in mind thet the speeds. and
directions will usually verifr even though a éyelone occurs outside the
extremes (ﬂCmCﬂed-u”v&)-Of the track. after onc his deterpined vhether
the movement of the cyclonc is being influcnced br cosberly or weSterly

flow ths probable naturé o. the movémant can be determined iftom the portion

of the mean track in that. type of frow. It is belicved that 4 supple=
ment to. these tracKs; showWing the average mogglmum wind velocities, and
avérage ¥adil of maximum winds for significant nreas, would be of waluc

alse, especially to the necwcorer to the field of tyohoon forecisting..

During the 1950 scason thcre vere ¥§ tropitdl eyclones of storm or

{

typhoon 1nucn51tw° Bnly -onc -of thcse, Ida, moéved contraily to the indicatiors

of climatology. Thus we can say th't cllmutologj was useful for ,4.,7

of the storms .and typhodns. @ccus1onally the direction of moveiont
varied from thé‘meﬁn By about 45 degrees, but in 2 majority of the cases

s withifi 20. degrecs of that of the medn. It is notud

: he bust results for latitude of formation and

fo! . of movement and the pooregt. results for spced of u@VCMLﬂL and
'béthQUUiew The ¢yclones follow the inean tracks much mérc el-scly aften

recurvature than before, there climatology Should be given gruAtgr Lclghts
when pieparing a forecast for the arca in which most of the pussage is
after recurvature, thon in the arcas of intcehsificdtion and recurvatures.
Thiis means that in the Latber aress, climctology should be modificd more
with consider:tion of thc synoptic Situation..

Cllmhto}oglc 1L trocks arc prepared.firom the trocks of numerous brépical

“cyeclkones vhose pecularitics were debtermined from the various factors of
tﬁé siynoptic si tudtdens In view of that foet, if there were adequate

data available, and if cach tychoon foreecdstcr werc an expert at evaluating

the syicplie anﬁ“zn, +bore would be little use for the CLlnatologlcal
study. In vicw of thc ficw repprting stations in the Pacific, akrd since

. human errors arc likely to be with Gs for some time, climatokégy will

¢ontinue to be of valuc in tropical CJclone forecasting.,
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EX T3t POLnTION

EXtrapolation as a forccasting toék
and Underraged. To Mo Ay, this ncthod

to be nscicrtifi However, when bE6 p
of 1ittle or no dath, as is often the cas
fcw todls vgllable to thc forccnstcrg l

nd cn51ly hpplled. .
by climatolegy ahd SJnoptlc uu& sis &tk
longed than 24 hours. The she7ter the fo3
the results.

Based om #he ossumplion that the movement one

¢yclones tend £ persist with fow fapid changus in 1.r speed or dircctien:
of movenent, best results sre obbaianed on thosc s@o“@s widich follew &
SQQth.curVua path, Duacdng pcriods of decclcpatiom,'aqecl ﬂﬁtiOQ, and
regéurvature, or, when the poth sucomes irrcgulaés greabos

.-_39-.
nique hos boen both overrated
because €f its simplicitys appead's

ones move through eruis

S “ytr pol&ulon 1~ ene o? the

e

1eCl st pcrlog thb mor& ccui tc

-NES oF urovlﬂ"’

Seme consdderation coa Lo given thoese phenomena bub tac: @
to forecast with any desrce of acéurary using ¢ Lruw@; TR
J e o o g
Accuracy of @xtrsuol-tlon foreensts, just 2s the rocuracy of fonccasts.

bBased upen othe? techniques, depend upon
In thé Vast regions of the mOrnh Pacific

stations &¥e scarce, pesitions eof tropica

weather reconnaissance 1ish the clopscd time bobveen
weconniissance fixes are consid

6 hours to 24 hours.
accurcte

Two generil facthods arce comsidcereds.

.

-ﬁen._&nunbhv BcbODd wodi:fied
..L\‘ -P,, &
rcctlon«oi’movcmbnt,ls ebtaincd b, projec
two pos?tlons ifi the indicated directd
ik intaneous §peed Of movement
average speed is obteincd b f“u,
the clepsed time botwesn points

REIT ¢

LL"“L:L.’

the

repolated path ot the averdge ratc &5
Smull s¢ale chonges in speed are usually
trends in average speéd arc noticetble..
mxy Be forecast by obsurvimz the rate of
pairs of points and uDUlg, his to- the
efie oalp of pdints thce average speed has
s ond the uc?iod covered 24
3 knots por 24 hours should b. applied aa
-hogrg be mrdes. T tho Maxiaun vd
way- be uu-“yol“tud. ong

drm A&
IOROANS

hf\1 nte

sane m?.(}"

If for

P o e b I e ey
\.UL).A. J_V.I.L

and 12 hoéurs loter 80 Lkmots then aa aed
Shéu’l:' uC mdc, -
.agu
A e e

= _;..,.., s e A

e
“'EE»AQ:.‘&’ T b

fix.s &8 needed (seo Figs 2 pirgc

Of . S6
édan scldom bo thDlﬂcd.

-bc on 4 knots,.

_\lﬁ:
e ‘ﬂp}‘h‘“
ML TS Uz‘

Tt =
e \,-n,»—\.h‘.,r.e'h.c [ e

thv 1p]1~u1_1~" of the aat& used..
oplow.ZQ ¥, where peporti
1 ¢rekonus oPe usunlly ;lYLQ johs
fixes varying from

oried Lo by quite

xﬁTaﬁolatLon. E

Ting the llnc cor
Because of the scorcity of
Instb xd,

distaace bgtweon positions b;

) r simplc lincdr extrapolotion assuming
no acccl@ratwon or dec»lcr&tlon the cyclode can be projucted along

_____ the:
obta vined by the acove ICuhOd.
averaged out, and normally, only
s€Culerntions cud de ratuons
changs of average speed bubwoen
ﬁorucust spegd, i.ce., if betwugen
the acseb sct of
HOHLS’ ti:en ﬁﬁCCCp10r3DlO of
¢ = forue st of 10 knots ia 24
Ads &Ad ¢ "ﬁ“s of intease vweathor
y 'w.t..ﬂmbuu e a..@.é TCTN 1.,5 ¥noks
cleration of I5 kasts per 12 hours
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S:mele llnear extrapolation using two positions is in mos
inadequate. A minimum of thiée points shéuld be used and th
uSed, the better The re sults ovtained, Th detersning d :
ment. using several pogitions the smeoth curve Whlf‘}‘ Most c;.esely satisfies
all points should be projected and motion foreeast along this path. (’uce
figure 2 page g_ﬁ,). Quite often trop:bcal cyclones ifi the early stages
move in an ogeillatory manner a$ suggested by Yeh. Us;.ng the ab_ove
méntioned method averages out these osc:Lllatlonb. For speéd -6 HWoVEme:
us:.ng several points, averages between pairs of points should be, use

stablish a trend, rather than an overall averagé along the path,

j

Q..
(o]

As mefitioned befor¥e extrapolation forecasts must be modified: At
the time of initial detection on.Ly one pos:.t:Lon is normally available.
Hence, extrapolation in the usual sehse is not practical, However, the
1ry;b:;§_.l position can be progecteo along the mean climdtological track

: after due consideratién of the syneptic dnalys:Ls. After additional fixes
are obta:med, simplé linear »extrap& ation using seéveral poiilts may be
used for an initial forécast path. This should be adjusted &fter carei'u—l
consideration of synoptic analysis and by usé of climatological models.
. ’ Many times the adjusted path will be quite dlfferent from fthat using
= extrapolation aloné. A good example: oi‘ this is thé case of a fast moving
trough to the north of a tropical cyclone. The cyclone will be daflected
northward, (8ee ¢ase V Upper Adr Steéring page 42). Using extrapolation
alone the storm would bé projédtéd nerthward., However; climatology in=
dicates that the storm will beeome stationary, or loop, thén mové in a
westward dipection ag the t"ough to the north contifues its eastward fiove-
ment. no longer 1nfluenc1ng the path of thé ¢yclone, As a résult the extrap-
olated path must be médified radically.

>

i
. -'h
S

S h -

= . The vaLu'el of extTa neJ_aT,:Lon &5 @ forecasting technique can B8 Zeen by
examining the chart page 51 - 22 wh'wch gives a comparison of forecast ]
and pu sistrence \errors. By comparlng t"lls chawt m.th cnarn page 62 -.w"*liéh

res_u_lt_g e ob‘calned on storms wh:.x\,h show 11+tle 1rregular1ty.
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. ERROR ANALYSIS .
g R
s v interest, to the agencies who d°§éﬁd n the Typhoon -
L darﬁlna Netiwork for warnings and forécasts pertaini g o troplcal ¢¥clones

is the 4analysis .of forecast &rrors, both 12 houw and 24 hour, mide by
A the Typhoon Warning Service. For this réason. & serids of charts Ehowed
) . efrors and comparidon of errors have béen included in this réport.. . -
First on pags L5 is showfd the bulletin error, 12 hour forecast and .
2l héur forechist er. ?s pr each: storm. ThHé average érror for each sub- '
& centér :and the combined Network is shown as indicated by the Tegend, The
= onmilat %76 error for each sub-=¢ehter and the combirned Network is also
shown on page Lb.

During the past year many Jdigeussions have arisen upholdlnD the -

merits of trapolatich. T6é pidce more light. on: this subjéct, & set of
- charts shown on pages 47 thru 20, similar to those mertioned in the ’
- i precedlng paragraph have been preyaredushow1ng the errors that would :
- have been made by 11near extrapolatisn: (per31stenceo and modified linear
= extrapolations A §incdére effort was put forth to acéompiish this pro-
) Jeet fairly and a8 it would have been done at the time the tropical
, €yelone Was id ex1stence, howeVer, it is $@ssi;1e that. the errors ghawn ‘
Al here aré smallér than if the forecasts had beéen made at thé time of the o

’ _ ghorm, All errors shown in this szction, with the ex cept;on of 1949
§ ' errors, are plus or minus 21,2ramtical nlles dué to giving p031t“ons
o to #he nearest half degree.

;} %%; Another chart, page 51 - 52, was_prepared shd w1ng the 12 and 2h I _

: forecast. errors. fade during 1949 and I950 and cémpari ‘ng these érrors -
- “with both types of extrapolation for €ach sub-center and for the combined '

Netwdrk. It can bhe seen from this chart that the Andersen Cénter and

the Tokyd Sub-Cenbter &xchanged places benwéen L9h9 and 1950, Andersen:

== o now having the snal , errer iR the I

buted te two main factors, The first -and prlmary explanation of this o

B _ changé is that during 1950 many storms formed in pains and in such cases

o there was an interaétion bwteen the two,storms\cau31ng considerablke

dlfflculty in forecabtlng the movement of thé cyclones. The second

factor is that of experiencé: In 1949 the experieénce 1evel of the

) typhoon forecasters at Tokyo was well above that of the foregasters at
. Guam. This situation was ®eversed during the JO‘O 385850, The résults

42

P AG= = BERE
| »- a.u.x.s \.;u.qnge ’.'“ﬁy Bg 9‘”’1"*— o

e

of the 1951 typhoén season should prove 1nteres igg

Since the arithmetic¢ mean or average is often misleading,. graphs
shOWJﬂg the distributien of errors made by each of the sub=ceriters, thé
Center and the Network as a wholo for all storms during 1950 weré coms
puted and are presented on pages 54 thru 58 of this report.
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T ' CBSERVER %Amcranlsmas OF 1950 TROPEG 7. GECLOWEY

W

‘ It has been noted in otker sections of this report that each
e tropical cyclone is an individual prob]em and that 1t s most difficult T
) to determine the characteristics of a Fmermal" cyclone, Howzver it s

of interest to compare each Seasons o month as the case may be, w1t“. .

£ historical 4z In somé casés; Hrends can be determined which are of - S
. - BoOme vaiue to the foreesster, One must L keep the great variations in .
# behavisr in mind when attefpting to use climatoiogical data. - :

; fags nunher of

. ne:g eceurring ulk ='_'-' B ‘-\fzc Ovean each month for e
thc- ‘périods 1905 to 1936, 194! and for the 195@ ‘seasiil. Tt 48
noted that the_ 7 "g“f;‘~ ,'“ sritly 1950 season .
agrees fairly wi'th lJ as for the 1945~ P
l95® Ppéx 1od- That is th of the greatest and least activity are ,
SPEd lv thée san he dlzfexen €8s whlcn do ex1st are oolleved to :_

b

=4 ) The 'seasonal distributien of cyclones dur1ng 1'“
from the mean "'char+ on Dage 67)

,friéd congiderably

r lones Tor &8ve

s . tﬁai‘-"ere mdy be perlods of years durlng whlch there afe conalstenuly T

) . ) greater than lesser nuibers than the mesn. Ia $hé nuiber of cyclonés =y
_ E@ 195€ was & re¢an1Ve1y average Vear, There was one cyclone "Salome" =)
- - which o¢curred east .of 180° longltude and is not ineluded in thé data. N
’ The déviations of any year*from thé mean appears to depénd mpon whether = R

- “or Ngt cyclones occur in vhe Moffh season of November to July, rauh,‘ I
than fluctuat*ons durlng the perlod of maximum dédurrence, - =

‘The «¢hart on page 66 gives a comparisén of the speeda of movseinent of T

the 1950 ¢yélones as. comnared with kistorieal data, With a few excééptions
these were very‘31m11ar. The 1950 average speeds of movement were not in g
- agreément with £heé "average" track in that the averige speed (for all .. =
o ' St orms): during recurvature was one mile per hour fester than the speed .
yef oF 1 Durlng the 1949 Season the reverse was true, that is,
S the speed dﬂwlng recurva urs was thé smaller oy one mile per héyr.  The
i ' 1950 eyclones déviated most from the average in their latitude of
= ‘ - formatien. A glance at the chavt -en page 67 will, show that the index
' appéared to e shifted quite Far northward for the entire seaison., and =
the time of northermiest formation shifted from August to June, May
was the only month with the latitude of formation soutn of the av erage.

.
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HLSTORIES OF INI)IV JOAL STORMS. OF 1S 50

= | _ _ DORIS
: ) 71l MEY

e eraee e b

) it5 pas soge at -
co'nna& u“zcc, was dlS—

‘.";y‘phoon Doms was fi¥st detected a 8. &

Truk Jat\. on 5th of Mava {
. . patehed on T L’an aid O ‘U7 ) __;,\;raft fixed the cent

at 07‘-, N and 148.0 E, From ‘this po:l_nt DOI‘lS moved B an ununcuica BARs &
. 1 her passage at Gufm on 9 Ma¥; whird considerablc’ :mln g v s ".M.: .
- i gus*ts to: 6) Knots were cxperienced. Aftey hor passege ab -Guam,. Doris
. moved northwest for two days :J.nd oh L1 May began néruad recufwature in - &
" “bhe V1c1n1ty of 135 degiecs cest. longitudes From Lhurc, Dozis moved norith- 2
. cast passing well to the noron'wcst of Two Jimd and sllghtly southeast of
Tor.‘.sh:una and then n“OVpd 6ff towards the filcutiam Lows Typhoon Doris had - -

S fh_c first typhoen since 1922 to affect Guam in
' 1*15 hore ‘*sm_ 24, bv t,no rmtwork and

AP

jo o]
o

1
o amee e b

- L. . , . h H

I ' ~ JUNE 23-24 .-

- Typhooir Blsie dt,velop - B 0605 5 .\h.:.cn' AT ] ) :

_ - ot ¥800Z; at the time of ifs. pussage £here was no: 1naiéation that it would o
dc,vc,lop into such a violent storms After passing Guam, thls WAvE WRS . .
S westward zmd T ’,1a5o1f1ed a5 & vortc.c 'x-t ~-£‘ )0 oz 3

"_l was. zr(..zanv a COHCbrtbG L.’fIOI'u to ,nsurw r,n

= 5 plotted and afalyzedj further, exbtrd cha‘rts were: Tt
y - 1 this aebivity Elsie sbsl;?:.l Wd&- no* t@.Cuu.u,\ nni"‘ i:
;§J ig§ further cv1aence Q‘f the cxtrencly _mal": stogii. The s ymopt: .
situdtion indidated 2 1&@,@ low press: Phlllnplnc bca, - e I
. undér tuls conditison, considera lc mon.st soni'hurly i‘low Was made avaiiable !
§ te thc vortex. 'mothcr possibility as- to the cat;sc of intemsifiication ... - ... —

,_ﬁv . ]

e rcm:' rson s thcerle Th:.s bemg foh"f when -

bc:mg “nalyze

R : an \,as\,\.rly wave hes
O of flow in #hich thc - , } .
Bt oécur. Limited data v S’.f""_L\.-Cl EI‘Lsz.e m"s muv:.ng wcst—northwbst at 16 knots -
between 03002 on the 21st of June and OBOOA on bhc 22nd of June, During
the period the Gasterly eomponcnt of the flow in This aFea was 20,3 knots.
From this figure it is undcrstanmble why Flsic moved so rapidly thru this ¥
= afea and still intensificd.. Buzbletln Ofic was issucd on 238506Z by Kadena : ’
. subscenter, placing the storm at 25,50 N = 1250 E; the finnl bullc,t:!,n was b
= isstied by Haneda sub-center on 2596007 placing Elsic at 35:5° N = 131° B
) ’{{hus. engeet tho carcu"_ of #Hlsie who vas boPn lived and died dn e 24 houts
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) less ané untold demees ot the. little >-dslend of _1'..13/““{0 Jm-. _ I

e g 1 - N
i T b . — T ARy AR T - » TR
o Jp—- e, S, $ T e - Y 2 e e T A, ¥ Sy -~ SR e — e = ey BRI S i T
% Lt -
e - e - = E} e TN - 5T P T - 23
= e, o e -
P = Fhe . CLAR M YWY, e



e T

1 ) )
i
-
"
[ a
-} o
- R
- A
s N
&
é
T h
I
i Yoy
P
o
=
=2

\
¥

i
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6f Japan -on ¥80000Z, The rcmnants of Floss 1(, ’chxtn no
of Jdpan and acc\.lemtud 1n 3 north*northe sb\,rl'v dipe
'cxtratropié & The '

1203004 Its Iocatio:
ada r(,port = Trop
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&5 knots. Bullc,tl O\,
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tlmc of 162000Z. For o Whil; , Olgln__‘vu._. s directly in the poth of tho

\

’mlle,s to the cost -of Okinawe, sAnd after the Cl"ntgf nassed Lhu, w:\_na spoe;d
began to inércasSe until a mz\ > of 40 knots wlth usts vo 50
reaghed, AL opproximstel; 6° N 129 0% E, Groc bcé‘:’zmc,a
typhoon with winds of O xrlot.,. 'I&'ansi‘er of forc asb 1eSpop
the Tokyo Woather Centrel was accomplished for July 1715002
Balleuln Nln Vc.lld tn:lu l/1 9OOZ Ster ie caving thc: vieini

the §m1E islends 5% the &
path agbeared to be hoaded f
er Japan robably ko pt Kyush

<umcq passed through Zorea Zad i
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O

ifg the ful»l fury of CIacc.“ l_();v.:-_ L a6

the western cdge cf the Sex of Japan as she became wisbratropical
final Bak lc,tln Wo 1§,qut, oa July 21210C Z.
’ JULY 27=28 ) ’
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"’roplcal C,,rc cqc He"ic,nc, was i‘lrst dutected as a tropical disturbance

SBRECS (,L.-Sv, late, on t..v 21,th July—'s

gf 10! kn,ijt_s gr:\.d{nll,.z ;anrgas_mg to 20 ‘cno.ts, Th.c flrst bullptm, ‘ééhed
By the Tokyo Weather €entra ‘l, placed the center ot 28.5 Zozrces north and
132:5 degrees sh5t with maxirum winds of 50 knots. This bulletin vas
refern..nts to a distufbance

Lo
1t of t
Vuiture. Eas track on ]: July. Bullc,tln @ne was 1SSubu. by dec,rsw‘ "mt ¥
Lo 1 @ es: - . -

yerment movement of the stérm; however, the storm vagsed ebout 60 .naut%cal
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The first indicaticns of Tropieal Cyelsa Was debecled By 5
o an aiferoft of the S14th Reponnalgsance Squa flving schedulod -

Vultur(, Easy track on 15 July. Bullkctin @"1(3 was 1ssu\,d by hadersen Tiather

Centrald on 1515002; with max winds of 40 khets, From the fix of 23.:2° 17

i27. 90 \b. Flossie moved in o 1’eoSE—hOI'tth<,a torly dircction until ib . 1 b — )
started to recurve at 1349 H, Recon oh the 17th Pevealed vy 1itil.. =
gvidence of a ddstrubince, 5o, Andersen Wcather Centvel issued the fined :
Builebin, T’VJ.dOﬂC" of F.LOSS:LG was found later and the stomm was picked D
up again. From the 1718007 suvface chart, i&:a;;@aréﬁ:ﬁh 75 bhw utoLm ) S
_ would continue normal recurvature, but. it developud N
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= I 5 K
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i ‘ Bf 7 2 SN *ncL 133 OC E -on July : =
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tinme Of l62900 PO; G wWhit O '..{.S G:’..J‘I’U\;t;;;y i LhC,
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begari £ inéroase unbil A max of 0 Knots with gusts o §
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= Balletin Nine, valid time 1712007, After Loaving =
3_ Grace pc.ss~«a over OF near nay of g,p_c, smidd da] S ot :
afd deFAg Ber hormal recurviag path appcated to be hugﬂ(ﬂ .
however, a sub-tropical Tldo(. OVer Japan probably 1{(,pt t\juhu .errl fs,u'L-— .
ing the full fury of -u-ac.c. rACE pussed thidugh Xorea and moved dlong g

the western edes of the $ea of Japan &8 she begcame Jibratrepicel., The : R
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7 j

R - HeLENI ; )
. ' o JUL¥ 2728 ' _
Trop

d grec- north 2hd ¢l+2 O degrecs ciut, :
From tlus position, the @isulil‘i;ba'mco 'rrTO'ifeg ng:?th:northvmstcﬂ
e 10 k; te gradially &
' Tokyo Veather Gen ’.,“.:L, pl
5‘c_i Zgrees cast with masdiuom & 2
""‘z' to & dl‘;turb r\ce or1.




o s TNV o - . i I e
I o o l!\ }
[ - _ B . =7 Qs i . }
P - ' i |
i
- 'the vicinity of 30 degrecs flo;th, ahd that Holene attually’ duvelen. o}
[ the t:mpc,cl ;;rc St d(,toc\,w gouth of Two JMmas At the L Lhs .
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b '""'mglng around i’;t E..ppl‘f‘@i{img__gl,j g 3 uorth T
S d‘c,svrcc,s cast Idr. ! A to cufve to tha, nortb nortnw.su Mnd- ¥ '_ ‘ C

vk

w0} isl'.tp RO

igsed at 06002 19 St - L

-2 . . L
- R
- — S 1k
—— z'_. _ - ) A - N ‘ t;‘
# .‘-b c.(,grcps ¢ast on :
_ . __ by 1‘_<_>_1§y0 Yieather Centi i )
—- © The final trepad wag issued 2 I
. retGeon mission on 30 Lusust sh & R
surface winds. in ¢xcéds of 2'” Qr knoLs. Hov wur the sccon .
‘ " lugust lé:c’;@;te'c_l“tn;. stom at 24.3 ﬂegrecs north 138.0 de grc\,s \.a.st wlt"l
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. - Kezia had :ms_r;“m from esster. % was debectcd by
i Hi&kam at 150 degre og'w@gt Liz ug 2ctched the vortex
: stage oh 30 August Eh the ¥ieinity of Eniwe ¢ r_jp1n3d weak prior to
- its pasgage at Tiuk late n 31 August. In aan ziag the Limited drt- -
- available in bhis aPfea it is believed that. tio Vortices were proese.’
L ‘the system passed Truk.. The Vortex that becaie Kezia passed 0 the nove.
of Guam near 21007 on 3 Septembcm._VShi ]'inudthe‘ﬁxy statdonary until
, 07 Septuember when it wos fixéd at 1 and 14346, degrees_ ¢
- cast, w'r t,h sinds in exr‘ess nL lOO knots. Bl.‘”a*ﬂ»_ ‘“ Che Kezis was Assted
E : Firomt the point of the first
— ) flx KLZlJ b;oa“‘a_s1ow ggrth—norbhwcsi movement pas51ng cast of Parcce

longltude@
and reconndissance was dispatthed -on the 16t
culatign with ma¥ Winds of 35 knotbss =On.;-

Tocateéd & tropical storm at 2193 dcgreco

ecast resmons

— . .0000%; TFokyo:

138 dogroes
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and Missatha

,’ curving northwesters |
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. in the casterlics 7 0'99’3' 27 prbr"bcr A
S the casterly wave had i !
o 09 degrees norih. % de 0'1 3u Septc ner *'h\, xnda, a ,
o Y"leether Central issued o c-;lutursoqcc 31; -:,'
o degirecs horth Yoditude 1_'_", ,_udc. =
S SO.uh found nm«:x.num ¥ sponslbl -
<o % '-70' ‘kﬂa‘r«ég northwcst 'd_r
= cast, centrak o t_ of Tuzon ’ L
= Field; late on ‘0L -Ottober. - o
" Luzon— #nte the Seutlt Shipd &
N % ~thic cc,ntcr of‘,(hbl amro:m_matd./ loO *‘mu»ulc of Prota - B
. . ond, . shes . gradual inverse . ucurvuwrp tov.“—"cl uh\, Test-northwest .. ‘_
- - On 0L QOctober;, the fl@v of combidenbel air from seuthedst Chind b ega\r-'x. L& O
g ] : i stom segra b6 £ill L‘J.'\lf“llJ- SAG hove viestvnrd as : o
; rg tae south zGde of thy Chine high <cll ints Endo ) i}
S aXl, of its choracberis ;iés 28 a GI‘Opngl disturbance, ,
'”:‘g - WS 1ssu\,d at 0300Z on. O’S Q¢ uoou‘.
: - PETIE -
i ' ’ OCTOBER 19-23 .
- - - 3
. ¥ 5 ? - it
1G-S ' f‘ : Q¢S : Lor B
= o w.s not de,f_gm_tc but 1t w:mf cgtimatesd to bé 1n the. v1c1n1t" of 22 '_egrws EXT
g north .Lq'? dégreus c,-“st. An rsen V'fa:xtbcr Ccntral isgucd a tropdr on the L
Lo ' ¢ qng 4 % '- ‘.’uJ.:t"M@ Fox r.eéermai ance mission divert = o
7 [ Sreng ed T;J’W-'\_HC;O:(‘ o -
locatcd at 2‘: QC&I‘GGS 06 m_nutcs norr,h lh5 degr\,es 92 uu.nuto cast &t
T 02207, 19 October, mex winds weke estimnted at 90 knots with cep t '
- pressupe 988 willibars. On 20 Ogtober reconnaissance Yocobud Pui o
) 26 degrees 49 minutoes north ll;? dogrees 36 minutes chéts  Exbrapeln )
o between Lixcs indientcd that Pe ke hod movee northwesd, ob & ‘{uo‘t =, o
T ity passing t6 the aorth of Iwd Jime arg;l s @m«oachmo Chichi e E_
was an entircly unsuipected movemcnt as Iwo Jimots houg J'v P e
) given no indicatién ed the approdch 6f « itrepical c—clonc. )
- L Indlc:..tbd thrt Pobie was very small in Je_tg,_j:;l e¥tont. and i T
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o iosterly flow. On 21 October, Pctie decelirated to o speed Qf.‘ h knots: G
R vature started &t @ point 4O wilcs south of Chicki Jime and recirved R
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- {5k e dl»s:.pwclon, however, thrue
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' - 4 point that made rcconng.lssunce H1GC ,s.:,a.c'J.,‘_.(_Dm.. 28 October regcoanaiors. v . )
L : fixcd & depPession at s 5 degrecs north 142.3 degrecs cost at OFLL; :.7: o PO
) sifds were estimated ot 40 khots.. 4 second resonnaissance sission cbpa-: i ;
- 1 G . October ond found & fully developyd typhoon with maximum
wa.nus. of @O know., This mission locatcd Ruby ab 17 degirecs Lé nlnutc,s :\
= 33 dégices. 42 mijuites east at 0409Z. Typhoon Ruby nov begam . s
e % movcmon‘t to the Biortheast and bHegah accoleratién &8 i caught o uroubh . i
= w - xbend;,rf;z down froem Jape_n. I‘D.;[)J wos Aow mov1ng a4, th\, carocmon of Ivio S
‘__‘ DLt chc‘:onnelss age fig:0f1 iyt 22.2 ¢ upf’-"f"t” "S‘b . L8
o h at "Ol;BZ 30 ‘Octob\,r, & lote afternoon fix :
= A g Raby oom,ln cd nortn—no; bh\:o:sm- rd povenent, : Sub-Centy £ X i
: Q TPOP"‘D o - troplcp disturbrnce thot ins loc“tvc» in the vdeinity of ) ‘
“7.5. dwrm nomtl 4L, 5 i wost ot 1500Z; 29 Octeber, Iz vind a v
5 were cstimeted A% Anitd s wobkir shiort 1ived, ng withn - :
12 hours after the 1ﬁrst tallctins This Ste@m v.os néturd Ly huby i '- a foreé
. — - ﬂO.L"bhb?]E“ po»:.tlou thon had becn foregast. ITydhoon Ruby movud oﬁ st Tori ) - :
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5 e . S
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- .;_:xt,g,ftrup:;cal, .fr:onu. Tk;e stom progre8sed: from the stage of an Faste¥ly o
Vave thiough the stéie of o Vortex into o full fledg.d .LI‘OplC l Storme O .
7 ll August 1nf11-'h s 1r1d1catcd thc prosence of an o2 S— =
e 1 145 ,.0 degrees: viest, By 14 august Hilo"s sup-= = %
L t. had .shifted into tho '";*.f@;ﬂizuo:fth'" s : ,
a we had 1"&;«‘.(}1’1_(_,& VT Bex 56 S N
i F ‘ ,bs*u:-northwcst movement nb a; oro‘:i, tcl‘;,r lO xcnots_,., , i
o } mtkgc';g L:p_p_g_rent ingeasification. ©On 17 Mgust o “"connalus ¢ planeg
_'”j‘" locatod the center at. 233 u.\.,é'l"C(; mr‘tb 160~-5 c.a,gr\,cs woSt of' 175 milcé - f
horthwest of Kawals vinds of 90 mph were engountersd, Dubing.the 1Toh
and 18th of iugust there vros 1itile o vendit of the storm and o reéurvature -
- : to the north ~nd ne®thedst wos anticipw \,,l,-, However, the storm contimued .
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